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3He was calculated within the sum rules formalism and y-scaling hypothesis. Numerical
analysis was carried out under the conditions of HERMES experiment.
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1. Introduction
There is great interest in the investigation of the spin structure of nucleons in modern
high energy physics. Experiments on deep inelastic scattering (DIS) of polarized leptons
by polarized light nuclei are among the most powerful sources to obtain such information.
The interpretation of results of these experiments requires the correct treatment of
radiative corrections (RC), to minimize their contribution to the systematic errors.
It is well known that there are three channels for scattering of a virtual photon
by a nucleus, depending on the energy transfer ν = E1 − E2, with E1(E2) the initial
(scattered) lepton energy: elastic, quasielastic and inelastic. Both ν and the momentum
transfer (squared) Q2 = −q2 are fixed by kinematical conditions on the Born level
and, consequently, also the scattering channel is fixed. However, on the RC level the
uncertainty in the energy of the radiated photon makes Q2 and ν indefinite and as a
result each of the three channels contributes to the cross section. Whereas contributions
from the elastic and inelastic tails are well studied, the contribution from the quasielastic
tail was not thoroughly investigated. Up to now there are only approximate results, for
a few target nuclei, and based on phenomenological models[1, 2] using the Mo and Tsai
[3] formalism. For 3He no results were published so far. Only the general framework
exists for the case of polarized reactions [4]. In this paper the cross section and the
polarization asymmetry of DIS of polarized charged leptons from polarized targets (H,
D, 3He) have been investigated both on the Born level and taking into account RC. The
purpose of the present paper is to develop the methods that are necessary to correctly
treat the radiative tail from the quasielastic peak. This is then applied to the specific
case of a 3He target, using approximate (due to the lack of experimental data), but model
independent approaches. Numerical results are presented relevant for the kinematics of
the HERMES experiment.
The paper is organized as follows. In section 2 we derive the basic formulae and
consider y-scaling. Section 3 is devoted to the implementation of sum rules approach to
the calculation of RC. Finally, in section 4 we present the numerical analysis.
2. Radiative tail from the quasielastic peak
The model independent RC of the lowest order can be written as a sum of brems-
strahlung and loop effects:
σ = σin + σel + σq + σv. (1)
Each σ denotes a double differential cross section d2σ/dxdy, with x, y the usual scaling
variables; σin,el,q are the contributions of the radiative inelastic, elastic and quasielastic
(QRT) tails. The term σv contains the contribution of virtual photon radiation and
vacuum polarization effects.
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The exact contribution of the QRT to total RC of the lowest order in the case of
DIS of polarized leptons off polarized nuclei is given by
σq = −
α3SxS
πλs
∫
d3k
k0
1
(q − k)4
LµνWµν(p, q − k). (2)
Invariants are defined as usual:
S = 2k1p, X = 2k2p = (1− y)S, Q
2 = −(k1 − k2)
2 = xyS,
Sx = S −X, λs = S
2
− 4m2M2,
(3)
where k1(k2), m are the initial (final) lepton momentum and its mass respectively, k is
the momentum of the radiated photon and p,M are momentum and the mass of the
initial nucleon.
The leptonic tensor we use in (2) is standard for bremsstrahlung processes and
includes spin averaged and spin dependent parts [5]. For the hadronic tensor we have
Wµν(p, q) = − (gµν +
qµqν
Q2
)F1 +
1
M2
(pµ +
pq
Q2
qµ)(pν +
pq
Q2
qν)F2 +
+
i
M
ǫµναβqαηβF3 −
i
M3
ǫµναβqαpβ(qη)F4, (4)
where η is a target polarization vector. The quantities Fi are defined as some
combinations of the nucleon structure functions. The dependence of the hadronic tensor
on pq and the polarization of the beam (PL) and target (PN) is also included in the Fi.
Defining ǫ =M2/pq we have for the various Fi:
F1 = F1, F3 = PN ǫ ( g1 + g2 ) ,
F2 = ǫF2, F4 = PN ǫ
2 g2.
(5)
Definitions of SF F1,2 and g1,2 are the same as in ref. [6].
As was shown in [4] formula (2) leads to the following expression:
σq = −
α3y
A
τmax∫
τmin
dτ
4∑
i=1
ki∑
j=1
θij(τ)
∫
dR
Rj−2
Q˜2
F
q
i (R, τ). (6)
The variables R and τ are defined as
R = 2pk, τ = (Q˜2 −Q2)/R,
Q˜2 = −(k1 − k − k2)
2 = Q2 +Rτ,
τmax,min =
Sx ±
√
S2x + 4M
2Q2
2M2
(7)
and ki = (3, 3, 4, 5). The explicit form of the functions θij(τ) can be found in Appendix
B of ref. [4].
The quantities F qi could be obtained in terms of quasielastic structure functions (so-
called response functions, see Appendix A of [7] for explicit results), which are peaked
around νq = Q
2/2M . Due to the absence of sufficient experimental data this fact is
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normally used as the basis of the peaking approximation: the response functions are
estimated at the position of the peak, and a subsequent integration over the peak leads
to results in terms of suppression factors SE,M,EM or (see discussion below) of sum rules
for electron-nucleus scattering [8]:
σq1 = −
α3y
A
τmax∫
τmin
dτ
4∑
i=1
ki∑
j=1
θij(τ)
2M2Rj−2q
(1 + τ)(Q2 +Rqτ)2
F
q
i (Rq, τ), (8)
where Rq = (Sx −Q
2)/(1 + τ).
In particular, for a 3He target one finds:
F
q
1 = η(µ
2
n + 2µ
2
p)S
u
M ,
F
q
2 =
η(µ2n + 2µ
2
p)S
u
M + (e
2
n + 2e
2
p)SE
1 + η
,
F
q
3 = PN2(Pnenµn + 2Ppepµp)SEM ,
F
q
4 =
PN
4
(Pnenµn + 2Ppepµp)SEM − (Pnµ
2
n + 2Ppµ
2
p)S
p
M
1 + η
.
(9)
Pp and Pn are the effective proton and neutron polarization in
3He and e, µp,n are the
electric and magnetic formfactors for proton and neutron, η = Q˜2/4M2.
Explicit forms of the suppression factors (or functions F qi ) depend on a nuclear
model for quasielastic scattering. Assuming the validity of y-scaling for quasielastic
scattering [9] we have [10]
SuM = S
p
M = SE = SEM = F (νq), (10)
where F (νq) is a scaling function evaluated at the quasielastic peak. Neither a fit to
experimental data nor a simple model for scaling function exist today. In the current
version of the radiative correction code POLRAD, an extrapolation of a Fermi gas model
[11, 12] is used which is really only applicable in heavier nuclei.
3. Quasielastic radiative tail and sum rules
Another possibility to obtain explicit forms for the suppression factors is to use the sum
rules for electron-nucleus scattering [8, 13].
mnI =
∫
dν(ν − νq)
nRI , (11)
where RI (I = L, T, T ′, TL′) are quasielastic response functions [8].
The functions Fi are linear combinations of these quasielastic response functions,
which are supposed to have a form of a peak over transfer energy ν. This fact can be
used for construction of some general expansion of coefficients in front of RL,T,T
′,TL′ over
(ν − νq). Integration over dR = 2Mdν gives us just sum rules (11)
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∫
dR
Rj−2
Q˜2
F
q
i (R, τ) =
∫
dR
Rj−2
Q˜2
∑
I
CIi R
I = (12)
=
∑
n,I
CIin
∫
dν(ν − νq)
nRI =
∑
n,I
CIinm
n
I
The sum rules are defined as a sum over final states of the cross section for the
inclusive elastic and quasielastic scattering. Using the completeness property of final
state nuclear wavefunctions the sum rules for electron-nucleus scattering are obtained
as a sum of contributions of elastic and quasielastic scattering integrated over energy.
Since inclusive scattering is defined by two kinematical variables, sum rules
correspond to the choice of external variables being some function of Q2 and ν. In our
case we have to keep τ as an external variable. However if to restrict the consideration
to the lowest order of expansion (12) the difference between the sum rules due to the
choice of the external variable is of the next neglected order, as it is always possible to
recalculate it using ν taken at the peak.
For the calculation we use sum rules obtained in the paper [8], but subtracting
an elastic contribution. The cross section for quasielastic scattering needed here is
then obtained in terms of well defined model independent quantities (sum rules) and
experimentally measured quantities (elastic formfactors):
dσq
dΩ
=
dσSR
dΩ
−
dσel
dΩ
, (13)
where Ω is lepton solid angle.
Using the explicit results for sum rules given in e.g. [8] and performing explicit
subtraction of elastic contribution (13) the suppression factors can be obtained in the
following form:
SuM = 1−
2µ2pTq
2µ2p + µ
2
n
−
vTA
vT
ηA
η
f
fA
4G2M
2µ2p + µ
2
n
,
SE = 1 +
2(e2p + 2epen)Tq
2e2p + e
2
n
−
ρA
ρ
f
fA
4G2E
2e2p + e
2
n
,
SpM = 1−
v′TA
v′T
ηA
η
f
fA
4G2M
µ2pPp + µ
2
nPn
,
SEM = 1 +
2epµnTq
epµpPp + enµnPn
Q′2A
Q′2
M
MA
q
qA
f
fA
4GEGM
µpepPp + µnenPn
,
(14)
where we use the structure function Tq, which is the Fourier transform of the two-body
density matrix (ref.[8]) and take for Tq results of ref.[14]. The last terms in righthandside
of Eqs.(14) correspond to elastic scattering off 3He and are obtained in terms of nuclear
formfactors GE and GM . The other stem from the sum rule expressions (14a-d) of ref.[8]
and depend on the nucleon formfactors e, µp,n. Kinematical quantities appearing in the
last terms (MA is the nucleus mass) are defined as
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F (νq) SE
SuM S
p
M
Q˜2 Q˜2
Q˜2 Q˜2
a) b)
c) d)
Figure 1. The Q˜2 dependence of suppression factors calculated within the y-scaling
hypothesis (1a) and within the sum rules formalism (1b - 1d).
fA = 1 + 2E1/MA sin
2(θ¯/2), ηA = Q
′2
A/4MA,
Q′2A = 4E
2
1
/fA sin
2(θ¯/2), ρA = 1/(1 + ηA),
θ¯ = 2 sin−1
√
Q˜2M/(2E1(ME1 − Q˜2)), qa =
√
Q2AρA,
(15)
and
vTA =
1
2
ρA + tan
2(θ¯/2), v′TA = tan(θ¯/2)
√
ρA + tan
2(θ¯/2). (16)
Correspondent quantities without index A are obtained by substitution MA −→ M .
4. Numerical analysis for HERMES kinematics
In the sections above we derived expressions for the contribution of the QRT to the
total correction of DIS on polarized 3He. All quantities used, except for the suppression
factors are well defined or have been measured with good accuracy. The suppression
factors thus constitute the main uncertainty in the calculation of the QRT. In this
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δy(%) δsr(%)
δy − δsr, (%)
x
xx
a) b)
c)
Figure 2. Relative correction to cross section δ calculated within the y-scaling
hypothesis (2a), within the sum rules formalism (2b) and the difference (2c). HERMES
kinematics (see Table 1 of ref.[15]).
paper we considered two different approaches to the calculation of the suppression
factors. The Q˜2 dependence of suppression factors calculated within the y-scaling
hypothesis (fig.1a) and within the sum rules formalism (figs.1b - 1d) is presented in
Fig.1. The predicted behaviour for suppression factors is 1 for big values of Q˜2 and
when Q˜2 → 0 suppression factors also goes to 0. The bend point correspond to the
value Q˜2 = 2kf ≈ 0.1GeV
2, where kf is helium-3 Fermi momentum. As can be seen
from Fig. 1 the difference in calculation comes from the region below the bend point, but
this region is extremely important as due to the behaviour of elastic formfactors with
Q˜2, the region M2 x
2
1− x ∼
< Q˜2 ∼< 2kf gives the biggest contribution to the calculation of
the integral (8).
To investigate the systematic error when measuring the observables it is convenient
Radiative tail from the quasielastic peak in DIS of polarized leptons off polarized 3He 8
A1 ∆y(%)
∆sr(%)
∆y−∆sr
A1
, (%)
x x
x x
a) b)
c) d)
Figure 3. Born (open squares) and observed (full squares) 3He asymmetry (3a).
Relative correction to asymmetry ∆ calculated within the y-scaling hypothesis (3b),
within the sum rules formalism (3c) and the difference (3d) normalized over Born
asymmetry. HERMES kinematics (see Table 1 of ref.[15]).
to define quantities δ and ∆:
δy = σ
obs
y /σ0 − 1, ∆y = A
obs
1y −A
born
1 ,
δsr = σ
obs
sr /σ0 − 1, ∆sr = A
obs
1sr −A
born
1 .
(17)
The indices y and sr correspond to observable quantities calculated within the y-scaling
and sum rule approaches. The spin 3He asymmetry is defined by the standard way
A1 =
1
D
σ↑↓ − σ↑↑
σ↑↓ + σ↑↑
=
g1(x,Q
2)
F1(x,Q2)
, (18)
and is roughly three times smaller the neutron spin asymmetry measured in [15]. D
is the depolarization factor and F1 and g1 are
3He structure functions. The results of
numerical calculations of the quantities (17) are presented in Figs. 2a-2b and 3b-3c.
For spin-dependent structure function the model given in Appendix of ref.[16] is used.
The kinematical points (taken from Table 1 of ref.[15]) cover the kinematical region of
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the HERMES experiment. Large corrections occur mainly in the first bin due to the
large values of y there. Fig. 3a shows results for the asymmetry, with (observed) and
without (Born) the total RC.
It should be noted that the results presented in Figs. 2c and 3d give an estimate
of the relative systematic uncertainty on 3He spin dependent structure functions due to
the radiative tail from the quasielastic peak (see also [17]). It is of the order of a few of
percent in the kinematical region of modern polarization experiments.
All numerical data were done for kinematical condition of HERMES, however
results for TJNAF are practically the same. The contribution of quasielastic radiative
tail is practically defined by y and x and there is no essential dependence on incident
electron energy. y defines the probability of the radiative subprocess, but x fixes the low
limit of integration over Q˜2 (or τ). We note also that due to integration main important
region is relatively small Q2. For current experiments in DESY and TJNAF this region
is Q2 < 1GeV2.
5. Discussion and Conclusion
This paper is devoted to studying of radiative tail from quasielastic peak in deep inelastic
scattering on polarized and unpolarized 3He target. Its contribution to total RC is very
important but the most insufficiently studied part of standard procedure of radiative
correction of experimental data. The main problem is that contrary to the case of elastic
formfactors and DIS structure functions the 3He quasielastic response functions are not
well studied yet.
In our paper we tried to use some general properties of these functions like y-
scaling hypothesis, estimations of sum rules and simply a fact of a presence of a peak
at Q2 = 2Mν in order to develop and compare different approaches for calculation
of the correction. It is clear that the best formula is exact expression (7), but it
requires unknown information about responses as functions of two variables ν and Q2.
So it is necessary to look for some compromise between accuracy and uncertainties.
We considered two possible approaches. First one is related to y-scaling hypothesis,
second one gives an expression in terms of sum rules for electron-nuclei scattering. The
results were analyzed and compared numerically. Difference between them gives an
estimation on systematical uncertainty due to quasielatic radiative tail. We understand
that consideration and comparison of only two approaches is not enough to make a
conclusion about systematical error. Unfortunately in literature there are no known to us
possibilities to construct any other approach which can provide explicit information for
some necessary quantities in ~e3 ~He inclusive quasielastic scattering. If such calculations
or data will appear the generalization of the developed approach is straightforward.
For the current situation we recommend to use formulae (8) and (9) as basic
to calculate radiative tail from quasielastic peak. In our opinion the effect of the
assumptions on these formulae is minimum. Furthermore these assumptions can be
controlled better and cannot lead to cruial results due to unknown ingredients. But
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further progress have to be connected with exact formula (7). For that new experimental
data or/and new reliable models have to appear.
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